
Europaisches Paten tarn t 

European Patent Office 
« 

Office europeen des brevets 




(rj) Publication number: 0 501 827 A2 



EUROPEAN PATENT APPLICATION 



(21) Application number : 92301734.7 

(22) Date of filing : 28.02.92 



© int. ci. 5 : G06G 7/163 



@ Priority : 01.03.91 JP 59573/91 

(53) Date of publication of application : 
02.09.92 Bulletin 92/36 

(84) Designated Contracting States : 
DE FR GB 

(m) Applicant : Kabushiki Kaisha Toshiba 
72, Horikawa-cho Saiwai-ku 
Kawasaki-shi (JP) 



(72) Inventor : Yamaji, Takafumi, c/o Int Prop. Div. 
KK. Toshiba 

1-1 Shlbaura 1-chome, Minato-ku 
Tokyo 105 (JP) 

Inventor : Takahashi, Chikau, c/o Int Prop. Div. 
KK. Toshiba 

1-1 Shibaura 1-chome, Minato-ku 
Tokyo 105 (JP) 

Inventor: Tanimoto, Hiroshi, c/o Int Prop. Div. 
KK. Toshiba 

1-1 Shibaura 1-chome, Minato-ku 
Tokyo 105 (JP) 

(74) Representative : Freed, Arthur Woolf et a) 
MARKS & CLERK 57-60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



(54) Multiplying circuit 



CM 
< 

CM 
00 



(57) Disclosed is a multiplying circuit in which a 
pair of common- base transistors (13, 14) each 
having a small emitter area are inserted be- 
tween the common emitter terminals of first and 
second differential amplifiers (1,2; 3,4), which 
amplify a signal input to an input terminal pair 
and are connected in such a way as to cancel 
out their outputs which correspond to the input 
signal, and the output terminal pairs of multiple 
third differential amplifiers (5,6 ; 7,8), which 
amplify a signal input to another input terminal 
pair and have a predetermined DC offset 
characteristic. 
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The present invention relates to a multiplying cir- 
cuit which comprises differential amplifiers and are 
adapted for use in a frequency converter,, a synchron- 
ous detector a quadrature modulator, a demodulator, 
a variable gain amplifier, etc. t 

Conventional multiplying circuits have two pairs 
of input terminals respectively supplied with two input 
signals to.be multiplied. The input signal input to one 
input terminal pair is amplified by a first differential 
amplifier and a second differential amplifier. The out- 
put terminal pairs of the first and second .differential 
amplifiers are connected together in such a way that 
the outputs of those differential amplifiers with respect 
to the first input signal will cancel out each other. A 
second input signal input to the other input terminal 
pair is amplified by a third differential amplifier to be 
converted into a change in the collector current of 
transistors constituting this differential amplifier.; 

Since the first and second differential amplifiers 
have their common emitter terminal connected to the 
collector of the collectors of. the transistors of the third 
differential amplifier,. the gains of the first and second 
differential amplifiers are proportional to the collector 
current of the . transistors of - the third differential 
amplifier. Therefore, a voltage proportional tothepro- 
duct of voltages of the first and second input-signals 
or a multiplied output is yielded between the common 
output .terminal of the first and seconds differential 
amplifiers.; * - . 

Such a multiplying circuit will have a deformed 
output signal waveform because of the non-linearity 
of the differential amplifiers as the voltage amplitudes 
of the input signal* get large. As a solution to this 
shortcoming has been proposed an art of constituting 
the third differential amplifier with a combination of 
two differential amplifiers and providing the proper DC 
offset to these ! differentia! amplifiers* to widen the 
linearity range as disclosed' in U.S. Patent -No. 
4.965,528. The DC offset of the differential amplifier 
is determined by the emitter area of a pair of emitter 
coupled transistors constituting this -differential 
amplifier. ■ f •■. 

Another multiplying circuit has also been propos- 
ed which combines three .or - more .< differential 
amplifiers to constitute the third differential amplifier in 
order to ensure a wider linearity range. How to given 
a DC offset to the differential. amplifiers and weight a 
current to each differential amplifier in thiscase is dis- 
closed in Electronic CircuitStudy Report No. ECT-90- 
20 of- Electric Committee and "Realization of a 1-V 
Active Filter Using a Linearization Technique Employ- 
ing Plurality of Emitter-Coupled Pair", IEEE JOUR- 
NAL OF SOLID-STATE CIRCUITS, pages 937-944, 
VOL. 26, NO.7, JULY 1991. • • : 

'In this mathod; however, as the number of third 
differential amplifiers increases; their transistors 
should have a larger emitter area, increasing the para- 
sitic capacitance of the transistors so that the use of 



the. multiplying circuit at a high frequency becomes 
difficult. For instance, given thaf the emitter area ratio 
of one pair of emitter coupled transistors constituting 
the third differential amplifier is 1 : 4, the sum of the 

5 parasitic capacitances present between the collectors 
of; the emitter coupled transistors and the ground 
becomes about five times greater than that of the pre- 
viously described conventional multiplying circuit As 
the frequency of the first input signal increases, there- 
to fore; the CMRR (Common Mode Rejection Ratio) of 
the. first and second differential amplifiers falls. In 
addition, the frequency rise will increase signals that 
leak to the second input terminal pair from the first 
input terminal pair through the collector-base parasitic 

15 capacitance.^ 

The drop of the CMRR causes a local oscillator 
signal to the transmission output side to increase, in 
the^case the multiplying circuit is used as a frequency 
converter or a modulator in a transmitter, for example, 

20 with a local oscillator signal and a transmission signal 
respectively given as the first and second input sig- 
nals to the frequency converter or the modulator. With 
the multiplying circuit used as a frequency converter 
in a receiver; for example, when the number of signals 

25 leaking to the second input terminal pair frorrvthe first 
input terminal pair increases, the local oscillator signal 
input to- the first input terminal pair will increase the 
undesirable radiation from an antenna via the second 
input terminal, pair, a high frequency amplifier and the 

.30 like.* . - - 

The conventional ways of broadening the linearity 
range can apply only to the third differential amplifier 
side tor which the second input signal, is to be input, 
and cannot .widen the linearity ranges of the first and 

35 second t differential^ amplifiers. This, undesirably 
causes the first input signal component to : be easily 
defcrmed: - 

„ >. Jf the frequencies of the first and second input sig- 
nals are relatively apart from that of the desired output 
40 signal as in a frequency converter* or a demodulator, 
a multiplying circuit comprising a half the circuit com- 
ponents of the first described conventional multiplying 
circuit; is :often used. That is, this multiplying circuit 
comprises a first differential amplifier connected to a 
45 first input terminal pair, and a common-emitter. transis- 
tor connected to the common emitter. of the transistors 
:Of the first differentia! amplifier. The first and second 
input terminal pairs; of this multiplying circuit are sup- 
plied' with two input signals to be multiplied, the see- 
so ond input terminal pair connected to the base of the 
common-emitter transistor. The first input signal input 
toithe first input terminal pair is amplified by the diffe- 
rential amplifier, white the second input signal input to 
the second input terminal pair is amplified by the com- 
55 mon-emitter transistor. A multiplied output of the first 
and second input signals is acquired from an output 
terminal provided in a load circuit of the differential 
amplifier..- ■ . * r . . . - 
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This multiplying circuit if used as a frequency con- 
verter or a demodulators a receiver has a disadvan- 
tage of having an insufficient noise factor. The noise 
generated in the multiplying circuit is : rha inly thermal 
noise from the parasitic resistor of the -base of the 
common-emitter transistor. The thermal noise can be 
reduced by setting the emitter area of the common- 
emitter transistor larger or increasing the base area. 

Increasing the emitter area of the comrhbn^emit- 
ter transistor however would" result in a decrease in 
the CMRR of the differential amplifier and an increas- 
ing in the signals leaking from the first input terminal 
pair to the second input terminal pair, as hopped in'the 
first described conventional multiplying circuit which 
comprises three differential amplifiers to Improve the 
linearity. In a direct conversion-type receiver; particu- 
larly/ the reception frequency is nearly equal to" the 
local oscillator frequency; so that* when" a local oscil- 
lator signal is input -to the first input term inar pair and 
a reception signal to the second input terminal pair, 
the local oscillator signal' wiii'leak through the second 
input" terminal' * pair; This 'give's rise to • a significant 
problem. O * - r> • u 1 - " f - ' l < * : 

In short, "the- first^ described *multiplying->!c1rcuit 
designed to improve the linearity range has th e ^follow- 
ing two disadvantages: - - 1 *'* - '^t. :; 

1) The CMRR of the differential amplifier dec- 
*■ : reases in a high frequency range (radio frequency 
band) due to an increase in'the parasitic "capaci- 
tance of transistors in use and the degree of one 
input signal leaking from 6n€ input terminal pair to 
the other input terminal pair increases: fl v " 
' 2) Widening of the linearity ranges accomplished 
'* only to one of two in put signals, resulting in Insuf- 
ficient suppression of thetdeformation of the other 
input signal'.' ** -?- r " = *■*=-•." 

Further, the use of a common-emittertranslstor 
having a large emitter area to improve the noise factor 
in the second described conventional multiplying cir- 
cuit would alsio result in undesirable reduction of the 
CMRR of the differential amplifier 4n a high frequency 
range and increase in'the degree of One -input signal 
leaking from one input terminal pair to the other input 
terminal pair, r- - * h r 

It is therefore ah object Of the present inventionto 
provide a multiplying circuit Which can prevent 1 the 
reduction of the CMRR on therhigh frequency side due 
to the parasitic capacitance of a transistor and* can 
suppress the degree of a signaMeaking from one input 
terminal pair to anotherlnput terminal pair, l- t\ :sr» 

It is another- object of this invention to provide a 
multiplying "circuit capable of widening the linearity 
range of a differential amplifier to both input terminals 
thereby achieve lower "signal deformation. 

According to one aspect of thepresent invention, 
there is provided *a multiplying circuit which basically 
has a common-base transistor inserted between an 
amplifier section for a first input signal and an amplifier 



section for a second input signal. 

That is, a multiplying circuit designed for higher 
linearity has common-base transistors inserted re- 
spectively between a common emitter terminal of first 

5 and second differential amplifiers for amplifying a first 
input signal and output terminal pairs of multiple third 
differential amplifiers for amplifying a second input 
signal More specifically, the multiplying- circuit conv 
prises first and second differential amplifiers, which 

10 receive a first input signal and each have art output 
terminal pair and a common emitter terminal; an out- 
put circuit for- connecting the- output terminal; pairs of 
the first and second differential amplifiers in such a 
way as to cancel out outputs of the firsthand second 

is differential amplifiers, which correspond to the first 
Input signal, each other, and- providing* a difference 
between the outputs of the first and second differential 
amplifiers as an output signal; first and second com- 
mon-base transistors having bases grounded' in AC 

20 mode and collectors connected to the common emit- 
ter terminals of the first and second differential 
amplifiers; and multiple 1 third differential = amplifiers 
each having an: output terminal pair connected com- 
monly emitters of the first and second common-ba- 

25 se transistors -and each given 5 with, ar predetermined 
OC offset;^ i:-r.rc; rri* *o v i> 

^The multiplying circuit may'compriseia plurality of 
first and second differentiaKamplifiersv in which case 
a plurality of first and second common-base transis- 

30 tors are provided. This design can provide a DC offset 
to the first and second differential amplifiers. 

According to another aspect of the present inven- 
tion, there) is provided a multiplying circu it for amplify- 
ing. *:a -second i input , signals by means of 'a 

35 common-emitter transistor has such a cbmmon^emit- 
ter transistor inserted between- a common emitter ter- 
minal of a differential amplifier and the collector of the 
common-emitter. transistor. More specifically, the mul- 
tiplying circuit comprises a differential amplifier, which 

40 receives a first input signal and has an output terminal 
pair and a common emitter terminal; a load circuit con- 
nected to at least one output terminal of the output ter- 
minal pair ..of the differential -amplifier; a 
common-emitter, transistor havingja base, supplied 

45 with a second input signal; and.a common-base tran- 
sistor having a base grounded in an AC manner, a col- 
lector connected, to theicommOn emitter terminal of 
the differential amplifier; and;an emitter connected to 
a collector of the common-emitter; transistor and hav- 

50 ing a smaller emitter area than \the;eommon-emitter 
transistor* ""..*• i '■ * - 

y - Whien.the first and secdndjcxm^mon-base transis- 
tors are inserted between.the common emitter termi- 
nal of the first and second differej>tiar amplifiers, and 

55 output terminal pairs, of 'multiple: third .differential 
amplifiers, the emitter areas c£ these .coromon-fcase 
transistors.can be made smaHer than the largest.emit- 
ter area of transistors _ used in me. third differential 
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amplifiers. An impedance as viewed toward the output 
terminal pair side of the third differential amplifier from 
the common emitter terminal of the first and second 
differential amplifiers therefore becomes larger than 
the one yielded in a multiplying circuit without there 5 
common-base transistors. 

Even if the emitter area of some transistor in the 
third differential amplifier is increased to give a DC off- 
set to that transistor, therefore, it is possible to prevent 
the CMRR of the first - and second - differentia! 10 
amplifiers, from falling due to the large parasitic 
capacitance -of the transistor and reduce the degree 
of a signal leaking from the first input terminal pair to; 
the second input terminal pair. 

Further; prevision of multiple first and second ts 
common-base transistors and provision pf multiple 
first and second differential amplifiers to impart a DC 
offset to the first and second differential amplifiers can 
widen not only the linearity to the first input signal but 
also the linearity to the second input signal, accom- zo 
plishing lower signal deformation in the whole multir 
plying circuit. . „ 

With a common-base transistor inserted between 
the common emitter, terminal of the. differential 
amplifier for amplifying the first input signal and, the 25 
collector of the common-em ittertransistor for amplify- 
ing ths. second input signal, even r when a transistor 
with, a large area is used as the common-emitter tran- 
sistor in order to reduce the parasitic resistance of the 
base, ths CMRR of the differential amplifier is preven- 30 
ted from fa Wing the degree of a signal leaking from the 
first input terminal pair to the second input terminal 
pair is suppressed because of the above-described 
principle.* Although the parasitic resistance of the 
base of the common-base transistor ic larger thermal 35 
noise originating from this parasitic resistance hardly 
appears on the output due to the negative feedback 
effect caused by the output impedance of the com- 
mon-emitter transistor. The noise factor. of the multi- 
plying ci/cuit can be improved while increasing, the 4a 
area of ftie sorrimon-emitter transistor. 

This invention can be more fully understood from 
the following ttetailed; description when taken in con- 
junction with the accompanying drawings, in which: -. 

.Fig. 1 ia a circuit diagram of a multiplying circuit 45 
1 according to a ft .tx embodiment of the.presont 
invention; - - : - - •. - 

Fig. 2 is a diagram illustrating the frequency res- 
perse cf a caTi^r leak at '.ho output tenr.inal of the 
multiplying ckv ;it shown in Fig;-1; so 
Fig. 3 is a di^r-w illustrating the 'frequency rec- 
. . pons*, of a can ier. leak at the input terminal of th? 
. « multiplying ci:cu it shown. in ;Fig. 1 ; - 

Fig. 4 is a circuit diagram of a multiplying circuit 
, : according to a second embodiment of the present 55 
:-: invention; v. ^ ■. .• 

Fig. 5 is a circuit diagram o 4 , a multiplying circuit 
according to a third embodiment of the present 
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invention; - 

Fig. 6 is a circuit diagram of a multiplying circuit 
according to a fourth embodiment of the present 
invention; 

Fig.. 7 is a circuit diagram of a multiplying circuit 
according to a fifth embodiment of the present 
invention; .. < 

Fig. 8 is a circuit diagram showing a modification 
-of the first embodiment; , . 

Fig. 9 is a circuit diagram showing a modification 
of the second embodiment; 
Fig..10Js a circuit diagram showing a modification 
of. the third embodiment; 

Fig. 1 1 is a circuit diagram showing a modification 
f . «of the fourth embodiment; 

r Fig. 12 is a circuit diagram showing a modification 
of the fifth embodiment; - . - : 

/ Fig. 13 is a circuit diagram of a .multiplying circuit 
... according to a sixth embodiment of the .present 
invention; . . . 

Fig. 14 is a circuit diagram of a multiplying circuit 
according to a seventh embodiment of the pre- 
-; • -3ent -invention;- . . -™ v r - . z-.,.^^^.- '. : v ., 
s-?-LFigv-15Js a circuit diagram of a multiplying circuit 
5 . ; according to an eighth embodiment of the present 

./invention; and 
i\ >Fig. .16 is, a circuit diagram of a multiplying, circuit 
; according to a. ninth embodiment of. the present 
-■ jnvention. . : . . - 

.\riiFjg. 1, two input. signals to be mulH plied are 
input to.two pairs cf input terminals t L01 and LQ2, and 
M01;and:M02. The first input signal input tc the input 
terminal pair LOI and L02 is amplified by. a first diffe- 
rential amplifier comprising transistors 1 and : 2 T :and a 
second differential amplifier, comprising .transistors 3 
and 4. A pair of output terminals (collectors of the tran- 
sistors 1 and 2) of the-first differential amplifier are 
connected to. a pair of output terminals (collectors of 
the- transistors 3 and 4) of, the second differential 
amplifier in such a way that the outputs of both diffe- 
rentia! amplifiers to^the first input signal cancel cut 
each other. The first and second differential amplifiers 
have their output terminal pairs . connected to .one 
ends cf load resistors 9. and 10 as well as a pair of out- 
put terminals-OPI and OP2 of a multiplying circuit. 

In the first differential, amplifier, the transistor 1 
with a base connected to the input terminal LOI has 
the collector connected to the load resistor 9 and the 
output terminal OPt , and the transistor 2 with a base 
connected to the input terminal L02 has the collector 
connected to the load resistor 10 and the output ter- 
minal OP2. In the second differential amplifier, how- 
ever; the transistor 3 with a base connected to the 
input terminal LOI has the collector connected to the 
load resistor 10 and the output terminal OP2, and the 
transistor 4 with a base connected to the input termi- 
nal L02 has the collector connected to the lead resis- 
tor 9 and the output terminal OBI. The other ends of 
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the resistors 9 and 10 are connected to a voltage sup- 
ply Vcc. 

First and second common-base 'trans is tors 13 
and 14 whose bases are grounded in an AC manner 
have their collectors respectively connected to a com- 
mon emitter terminal' of the transistors 1 "and 2 of the 
first differentia] amplifier and that of the transistors 3 
and 4 of the second differential amplifier. f - * 

The second input signal input to the in put terminal 
pair M01 and MQ2 is amplified by two third differential 
amplifiers respectively comprising transistors 5 and 7, 
arid transistors 6 and 8. The common emitter termi- 
nals of the third differential amplifiers are conn ected 
to constant current sources 11 -and 12/ - 

Output terminal pairs of the third differential 
a mpl ifie rs are con nected in common to the em itters of . 
the common-base transistors 13 arid 14.* That is* the 
collectors of the transistors 5 and 6 are commonly 
connected to the- emitter f bf the first common -base 
transistor 13, and the collectors of the transistors 7 
arid 8 are commonly-connected to the emittef of the 
second :i commbn43asefransistor"14. 

The two transistors constituting each third diffe- 
rential amplifier have a predetermined ^e^ 
ratio. In this embodiment; the emitter area* ratio of the 
transistor 6 to the transistor 7 is about four b"rrie§ gre- 
ater than that of the trarisistbr 5>to the transistor 8. 
Such setting of the emitter area ratios will give a DC 
offset to the two third differential amplifiers* witfr res- 
pect to the second input signal from the input terminal 
pair M01 and M02: Synthesizing me^'outputs- of the 1 
differential amplifiers theref care 'widens the- finearrty 
range of the third differential amplifiere.^nie principle' 
of expanding the"liheantyTang$ by the fDC^6ff£et is' 
well known,- and ite detailed explanation vvill rfot'there^ 
fore be giveri. •* ' 1 ?.sr> -./.*. •-• *■:-.-:■ /-..a :n,- 
- The first and second differential amplifiers Which 
amplify the first input signal have me^r cOmmon^mlt- 
ter" terminals linked to' the parr of the output terrriinal& 
of the third differential amplifiers through'mecc^ffidnfc 
base transistors 13 and 14>iresf>ectively. ThegainSdf 
the first and secdhd differential amplifiers &re therefi 
ore proportional to the cbllectof ciirrent in the third dif- 
ferential amplifiers whkirPamplffy the second input 
signal. 1 Between the output terminals dPf*andt*)P2 is 
obtained an output signal whose vol tag e'am pi itfjde is 
proportional to the prodtict of the' first • and "second 
inpulsignais^TKecircuit showh in Ffg. 1 therefore ser- 
ves as a multiplying circuit *' * . * — ^: '-ju^r. 

The edrnrrion-base transistors 13 and 14 have an 
emitter area smaller than the maximum emitter area 
of the transis*tors>(emittenarea of the transistors 6 and 
7) in the- 5 third differential amplifiers; and T ateo has a 
smaller parasitic capacitance. If the emitterarea of the 
ccrnmon-base trahsistc^rs'-13 r arfd 14 is the same as 
that^of the transistors 5 arid 8 in the third differential 
amplifiers, -and the emitter area of the transistors 6 
and 7 is about five tfmes-that of the transistors 5 and 
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8, the parasitic capacitance of the transistors* 13 and 
14 becomes approximately 1/5. In a high frequency 
range; therefore, an impedance as viewed from the 
common emitter terminals of the first and second dif- 

5 ferential amplifiers toward 1 the third - differential 
amplifiers is high, compared with the conventional 
case where the common-base transistors 13 and 14 
are not provided and the linearity range of the third dif- N 
ferential amplifiers is widened by connecting the col- 

10 lectors thereof directly to the common 1 emitter 
terminals of the first and second differential amplifiers. 
The CMRR (Cornmon Mode -Rejection Ratio) of the 
first and second differential amplifiers rises at a high 
frequency accordingly. * * ' ' • - 

is - 'Fig. 2 illustrates effects of the CMRR confirmed 
by computer simulation. Generally, a multiplying cir- 
cuit of this type has one of the input terminals of a dif- 
ferential' amplifier grounded -In AC ?mode. -In the" 
multiplying circuit in Fig.'l, therefore, a.sine A*ave;is* 

2d iriput to the input terminal L01, thereby: yielding the 
frequency response of a carrier' leak atthe output ter- 
minal OP1 when the input terminal L02 is grounded 
in-an AC manner. Fig: 2 shows the frequency res- 
ponse^ rVFigi 2, a- curve' A shows the carrier leak of 

25 the murtipiylrrg cireuit in Fig:- 1 , a curve B presents the 
camer9eaR c^tt^^ 

commc^-base-tFaTlS^sto^s , ^ 3tand-t4 in Flgsl, and^a 1 
curve" C 'shows the carrier rleak?ofcthe conventional >' 
basic multiplying circuit. • ' • 

30 When a signal only consisting of difference conv 

portents is input between the input terminal pair L01 
and L02, the carrier leak is -100 dB or below. The cur- 
ves in Fig. ^therefore show the carrier leaks for a 
ccrtnmon mode.' As shown by the curve A, the multi- 

35 plying Circuit i Fig. 1 has lower carrier leak in the all 
frequency ranges than the multiplying circuit without 
the Common-base transistors 13 and 14. Particularly' 
in a low frefquency range, the earner leak of the mul- 
tiplying circuit in Fig. 1 is reduced by about 30 dB, and 

40 is about 8-dB less than that of the conventional, mul- 
tiplying circuit According to the present invention, the 
improvement on the CMRR is apparent : 

In a case where the multiplying circuit is- used as 
the frequency converter or modulator of a transmitter; 

45 and a local oscillator signal .and a transmission signal 
arc input respectively as the iirst-:and second input 
signals, a carrier leak to a transmission output side 
oan be decreased. v ? * .u** ■* z ?■ \ 

Further; since the changes of collector voltages in 

50 the common-base transistors 4 3. and. 14 are transmit- 
ted less toiheir emitters. the tra s *3is£ors^5 r arid B have 
a smaller change in th eir: coll ectcr^oltayes. 'Accord- 
ingly, the carrier I eak'from the in putteiTnrnal Lo1 to the 
input terminal MOT is reduced. A : v 

55 As a result, if the multiplying circuit, when used as 

the frequency converter of a receiver, receives a local 
oscillator signal from' a tocal. oscillator between the 
input tenninals LOT and L02, and a reception signal 
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between the input terminals M01 and M02, it is poss- 
ible to decrease the amount of the local oscillator sig- 
nal that leaks from input terminals MOT and M02 and 
leaves as undesirable radiation from an antenna via 
a high frequency amplifier etc. ' . 

Fig. 3'illustrates the results of the reduction in the 
carrier leak confirmed by computer simulation, and 
shows the frequency response of the carrier leak to 
the input terminal MOI with the same input as in the 
case of Fig. 2 applied between the input terminal pair 
LOI and L02. In Fig. 3, a curve D shows the carrier 
leak of the multiplying circuit in Fig. 1, a cuivs E the 
carrier -leak of the multiplying; circuit excluding the 
common- base transistors 13 and 14 in Fig. 1, a curve 
F the carrier leak of the conventional basic multiplying: 
circuit The curve D shows the lower carrier leak in all 
frequency ranges than the curVesE and F. Particu- 
larly, in a !ow frequency range, the carrier leak of the 
multiplying circuit in Fig. 1 is 40 dB less than that of 
the basic : mu!tiplying J circuit. The decrease in the car- 
rier leak according to the present invention is appa- 
rent * - -' ; ~ ~- •■" - - 

- Another embodiment of the present'invention will 
now be described. Fig. 4 illustrates a multiplying: cir- 
cuit according- to the * second en :bociiment,^ which 
ensures a larger tlr^earity reng/e i:y*t;!*e eombifiattoniof 
four tiiird diffcrer^ial £nip!ift2!*s . Ths foc;r third differen- 
tia. 1 an ;p1ifiers comprise pairs ofdifferentiariransistors 
2 i and 25; 22 and 26, 23 and 27, and 24^and 28, and 
constant currei.t sources 31 to 34, respectively. The 
constant current sources 31-34 are connected to the 
corresponding common emitter terminals of the tran- 
sistor pairs. If the emitter area' ratio of the transistors 
21 and 28, to the 22 and 27, and to She transistors 23- 
26 is determined to ue 13 : 2 r t, for example; a DC 
offset is givah to th© individual differential amplifiers. 
In other words, four pairs of transistors 21 , 25; 22, 26; 
23, 27; arVd 24, 28 have ei.titler area ratios of 13 : 1; 
2 : 1 ; 1 : 2; and 1:13, respectively. The currents of the 
constant current sources 31 to 34 are weighted' by 
determining the current ratio of the constant current 
sources 31 to 34 as shown in'Fig. 4. < 

The nu;riber ov the differential amplifiers may be 
three or five or greater, and has only to be selected in 
accordance -with the required- linearity range. As the 
number of the differential amplifiers is increased, tran- 
sistors with a larger emitter area are needed as appa- 
rent from the i exarhple-'shown in Fig; 4, increasing the 
parasitic capacitance accordingly, so that the 
improvement on the frequency response by the pro- 
vision of* the common-base transistors- 13 and- 14 
becomes more prominent. : ' " {f 

Fig. 5 illustrates a multiplying circuit according to 
the third embodiment in which there are two first dif- 
ferential amplifiers and two second differential 
amplifiers, with th a same number of first and second 
common- base transistors. More specifically,' the first 
differential amplifier comprises a differential transistor 



pair 41 and 43 and a differential transistor pair 42 and 
44, and the second differential amplifier comprises a 
differential transistor pair 45. and 47 and a differential 
transistor pair 46 and 48. By determining the emitter 

5 area ratio of the transistors 41, 44, 45 and 48 to the 
transistors. 42, 43, 46 and 47 to 4 : 1, for example, a 
DC offset is given to the first and second differential 
amplifiers. In other words, two pairs of transistors 41 , 
43; and 42, 44 have emitter area ratios of 4 : 1; and 

10. 1 : 4, respectively. Similarly, two pairs of transistors 
45; 47; and 46, 48 have emitter area ratios of 4 : 1 ; and 
1 : f 4; respectively. 

Two common emitter terminals of the first diffe- 
rential amplifier are connected to the collectors of the 

15 first common-base transistors 58 and 59, while two 
common emitter terminals of the second differential 
amplifier are connected to the collectors of the second 
common-base transistors..60 and 61. Three third dif- 
ferential amplifiers are constituted by transistors 49 to 

20 54, and constant current sources 55 to 57, respect- 
ively. One terminal of the common output terminal pair 
of those third differential ampimere (the-common col- 
lector terminal of the transistors 4 9 to 51) is connected 
in .common-to the remitters of the first common- base 

25 transistors 58 and 59. -The other terminal of this com- 
mon:-output terminal pair.(the common collector terrcH 
nal of the -transistors 52. to 54) is connected in 
common to the emitters of the second common- base 
transistors 60 and 61 . 

30 v : According to this embodiment a DC offset can be 
givenlo the first and second differential amplifiers by 
the provision of multiple first and second common-ba- 
se transistors and provision of multiple first and sec- 
ond differential amplifiers, so that the linearity also to 

35 the first input signal torbe> applied to the input terminal 
pair LOI and L02 can be widened. The multiplying 
circuit according to this embodiment is therefore suit- 
able for a. use in which both input signals ara infor- 
mation.signals and linearity to both inputs is required 

40 over ft ^wide/frequency range. .\ . 

' ■ ' Fig. 6 shows a multiplying:circuit according to the 
fourth embodiment which are provided with three first 
and second differential amplifiers constituted by tran- 
sistors 71ito 32 'and three- third and fourth common^ 

45 base >■ transistors 91 -93 \ and ; 94f96. ;> The third 
differentia! amplifiers comprise transistors 83 to 88 
and constant current sources 97 to 99. - 

In this embodiment, the emitter area ratio of the 
transistors 71, 76, 77 and 82 to.the transistors 72-75 

so and 78-81 in the first and second differentials mplifiers 
is determined to be 8 : 1 , and the emitter area ratio of 
the common-base transistors 91, 93, 94 and 96 to the 
transistors 92 and 95 is determined to be 2 : 2, for 
example, a DC offset is given to the first and second 

55 differential amplifiers, and a collector current pro- 
portional to the emitter area will flow through the com- 
mon-base transistors.; It is therefore possible to 
weight the distribution ratio of the emitter currents to 
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the first and second differential amplifiers. 

In the third differential -amplifiers, as the emitter- 
area ratio of the transistors 83,and 88 to the transis- 
tors 84-87 is determined to be B e 1 , for example, and 
the current ratio of. the constant current sources 97 to 5 
99 is set as given in Fig. 6, a DCoffset is given to the 
individual . differential amplifiers and the current 
weighting is performed. <: r*:» : ,**•.-• 

The use of the weighting-system in this embodi- 
ment can permit the whole multiplying circuit to be* 10 
constituted by either npn type transistors or pnp type 
transistors. In general, npn transistors have a better 
frequency response than pnp transistors in an inte- 
grated circuit. The feature of this embodiment to allow: 
a multiplying circuit to be constituted by npn transts-r is 
tors" alone is advantageous to improve the frequency m 
response of. the multiplying circuit >. . n*s t r-**- 
• ■ Fig. 7 illustrates a multiplying circuit according to 
the fifth embodiment in which common-base transisri 
tors 1 05 to 1 1 0 having a small emitter area.are inser- 20 
ted between the common emitter terminals of first and 
second' differential-amplifiers In Fig. 6 and weighting 
common- base r tran sistors: 91: to 96/Th is.embod imen t 
therefore has an effect of suppressing the reduction, 
of the CMRRcaused by transistors with a iarge:emjt*< 25 
ter area and large parasitic capacitance, containedJn 
the weighting common-base ; transistors*;91-96 ( in* 
addition to the advantage of the fourth embodiment in 
Fig. 6. In this embodiment the third differentia) 
ampl ffiers are' constituted . by ■ transistors 1 01 to- 1 04 30 
and constant current sources 1 1 1and;11 2/ the emitter, 
area ratio of the transistors 101:and 104 to:the:tran- 
sistors 102 and 103 is determined to bet 4 c:. \r for 
example, and the current ratiabf the constant current 
source 1 1 1 to the constant current source:1i1 2 is set 35 
as given. in Fig: 7; - *t * , , . i*G.i \f. 

Figs. 8 through- 12 respectively illustrate mutti ply* 
ing circuits according to modifications of the; first to 
fifth embodiments in which an input terminal pairLOT 
and L02, an input terminal pair L03 and LQ4, and an 40 
input terminal pair M01 and M02 are applied : with 
input signals and the proper DC bias potentials ( while 
base terminals VB1, VB2; A/B3; and VB4 of common? 
base transistors are appliediwith the .'proper DG .bias 
potentials and are groundediin .an AC- manners It is 45 
obvious: that the' above designs can accomplish- the 
same operations as the previously described embodi- 
ments- - . -* : «. r: : 

Although the first input signal arid second' input 
signal are -both input to differential amplifiers rin the 50 
above -described embodiments,: the first input signal 
may be input to the differential amplifiers while input? 
ting the second input; signal to a- common-emitter 
amplifier. The following will describe such an embodi- 
ment. \ * r . ^• t : * . 55 

Fig; 13 shows a multiplying circuit according to 
the sixth embodiment in which -.the first input signal is 
input to an input terminaLpair LOt and L02 and tha 



second input signal to another input terminal Rf. The 
first input signal input to the input terminal pair LOI 
and L02 is amplified by, a differential amplifier com- 
prising transistors 201* and 202. This differential 
amplifier has its output terminal pair (the collectors of 
the transistors 201 and 202) connected via a load cir- 
cuit 203 to a voltage supply Vcc. In this example, the 
load. circuit 203 is constituted by a current-mirror cir- 
cuit comprising transistors 204 and 205, with the col- * 
lector of the transistor 205 connected to an output 
terminal OP. . ■ . , i 

The second input signal input to the input terminal 
Rf.is amplified by a common-remitter transistor 207, 
which has its base connected to the input terminal Rf 
and,its emitter grounded. 

A comrnoruemitter terminal of the transistors 201 
and 202 in the differential amplifier is connected to the 
collector of the common-base transistor 206 whose 
emitter is .connected to the col lector of -the common- 
emitter transistor 207\ The common-base transistor 
206 has its base terminal VB applied with: the. proper 
DC bias potential and grounded in an AC manner. - 
. Since the. common emitter terminal of. the diffe- 
rential amplifier that amplifies the first input signal is 
coupled, via the oommonrbase; transistor 206 to the. 
collector of .the iCommpn-^emitter.- transistor .207 ^at 
amplifies Jthe second i n pu t sig nal , th£> gain; pf the dif- 
ferential amplifier is pro p ortic n al ; to the col lector cur- ; 
rent t of the transistor 207. An output; signal 
proportional to the product of the first and second 
input signal3 f is therefore acquired^from the output. ter- 
minal OP, which means that the. circuit shown in Fig.* 
1 3 will function as a multiplying circuit. 

If. the multiplying circuit is used as the frequency 
converter or demodulator of a .receiver that receives 
and demodulates a minute signal, tit is .necessary to 
reduce the thermal noise generattedj>y the base para-, 
sitic resistance ofthe common-emitter transistor207 
in order to make the noise factor as small as possible, 
lathis respect; a transistor a small, base parasitic rest- 
stance or a relatively large emitter area is used for the. 
common-emitter transistor 207-.-For the common- ba T 
se transistor 206 K -a transistor with a small emitter area 
than* that of the . common-emitter < transistor 207 is 
used. For instance.: the emitter area ratio of. the tran- 
sistor 206 to IJie transistor 207; is determjned to b© -\ : 

4.--" - ^1 J-',...- ^-JT- -»?■(;. . .'■ v;- 

Since the parasitic capadtance^oj the transistor 
206 is smaHer than that <)f .the^traQSistor -207-,, an. irn- 
pedance as^iewedrfrom the common emitter terminal, 
of the differential amplifier towajeStfie -collector of the 
common-emitter transistor 207 i.stlig^erthan.t^e one 
in theconventional multiplying circuit which does not 
have the common-base transistor- 206. It is therefore 
possible to suppress the CFy5RR from- dropping due to 
the use of, a transistor with a large emitter area for the 
common-e.mitter transistor 207;and ? reduce the leak- 
ing of the input signal.from the inputiterminal pair LQ1 
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and L02 to the input terminal Rf. 

Fig. 14 shows a multiplying circuit according to 
the seventh embodiment which includes three diffe- 
rential amplifiers for amplifying the- first input signal 
and three common-base transistors. A first pair of dif- 
ferential transistors 301 and 304 constitute one of the 
differential amplifiers, a second pair of differential 
transistors '302 and 305 constitute another differential 
amplifier, anda third pair of differential transistors 303 
and 306 constitute' the last differential amplifier. 
These "differential amplrfiers have their output terminal 
pairs connected to a ; common load circuit 307 which 
is provided with an output terminal OP. 

The common emitter terminals of the three diffe- 
rential amplifiers are connected to the collectors of the 
commoh-base transisfors 308, 309 and 310, With the 
emitter of the transistor 308 connected to thecollector 
of a OTfrimdn-ernitter* transistor 31 1. The common 
base terminal VB Of the commOh-base transistors 308 
to 31 0 is applied with the proper DC bias potential and 
grounded in ah AC manner.' 

In this embodirnentv'the eniitter area ratio of the 
transistors 30 T and 306 to the transistors 302 to 305, 
all transistors constituting the differential amplifiers, is 
determined to be 4 : 1/and the emitter area of mePtran- 
s is tor 308, to the transistor 309 and to the transistor 
310 is set to 3 : 2 : 3, for example, a DC offset is given 
to the individual differential arnplifiers/and a collector 
current' proportional to the emitter area will flow 
through the common-base transistors, it is therefore 
possible to weight the distribution ratio of the currents 
flowing to the common emitter terminals of the indivi- 
dual differential amplifiers is weighted. This can pro- 
vide linearity to the first input signal input to the input 
tenninal pair LOt and L02. When this multiplying cir- 
cuit is used as; for example, the frequoncy converter 
(mixer) of a receiver/with a local oscillator signal input 
to the input tenninal pair LC1 ano L02 and a high fre- 
quency input signal input to the input tenninal Rf, the 
harmonic of the local oscillator signal can be reduced. 
This will result in reduction of the amount of superinv 
positbh of the prodiict of the interference 1 Wave or 
noise contained in the high frequency input signal and 
the local oscillator signal onto the desired output fre- 
quency. 

Fig. 1 5 illustrates a multiplying circuit according to 
the eighth embodiment in which common-base tran- 
sistors 312 to 3 ii (fust common-base r £ransistors) 
having a small eiiiitter area' are inserted between the 
common emitter terminal's of the differentia! amplifiers 
in Fig. 14 and weighting common-base transistors 
308 to 310 (second common- base transistors). The 
common base teiniinal VB1 of the transistors' 308 to 
310 and the common base terminal VB2 of the tran- 
sistors 31 2 to 314 are applied with the proper DC bias 
potentials and are grdunded in an AC manner. 

This embodiment therefore has -an effect of sup- 
pressing the dropping of the CMRR caused by tran- 
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sisters with a large emitter area and large parasitic 
capacitance, included in the weighting common-base 
transistors 308-310, by means of the additional com- 
mon- base transistors 312 to 314,' thus reducing the 

5 amount of the signal input to the input terminal pair 
LOI and L02 from leaking to the input terminal Rf, in 
addition to the advantage of the seventh embodiment 
in Fig. 14. ■ ^ 

Fig. 16 shows a multiplying circuit according to 

10 the ninth embodiment a preferable exemplary multi- 
plying circuit to be used as an orthogonal demodulator 
in a receiver in a direct conversion system. The mul- 
tiplying circuit* comprises a combination of two of the 
multiplying circuits shown in Fig. 13 as a unit multiply- 

15 ing circuit. The two multiplying circuits share one com- 
moh^emitter transistor. ■ 

! 'In 'Fig:' 1'6'J the two unit multiplying circuits have 
pairs of input terminals LOI and L02, and L03 and 
L04, respectively. In the case of multiplying circuit as 

2& an orthogonal demodulator, ah input signal at the 
input terminal pair LO t and L02 and that at the input 
terminal pair LOS and L04 are local oscil la Jon signals 
whose -phases are mutuaiiy shifted by 90°. A signal to 
be demodulated, i.e.-. a modulated signal is input to 

25 a rtother in put terminal Rf. • 

* The input signal at the input terminal pair LOI and 
L02 is amplified by a differential amplifier having tran- 
sistors 401 and 402; and is sent from a load resistor 
405 to an output terminal CPU. The input signal at 

30 the input tenninal pair L03 and LC4 to amplified by a 
differential amplrfier having transistors 403 and 404, 
and is sent from a load resistor 406 to an output- ter- 
minal OP12. The second input signal at the input ter- 
minal Rf: is amplified by a common-emitter transistor 

35 4C9f This transistor 409 has a base connected to the 
input terminal Rf and an emitter grounded. 
,: Th e' common 'emitter terrnina I of the transistors 
401 and 402 and thai of the transistors 403 and 404 
are respectively connected to the col lectors of conv 

40 rhoh-base transrstors 407 and 408. -The emitters* of 
the common-base transistors 4C7 and 408 are com- 
monly connected to the collector of the common-emi- 
tter transistor 409. A proper 'DC bias' potential is 
applied to a common base terminal VB of the conv 

45 mon-base transistors 407 and 408, which is grounded 
in an AC manner. 

The two differential amplifiers, which ampfrfy the 
respective the local oscillation signals with their 
phase shifted by $0° each other, have their common 

so emitter terminals connected via the respective com- 
mon-base transistors 407 and 408 to the collector of 
the common-emitter transistor 409 which amplifies a 
modulated signal. A demodulation output with a 
phase shifted by 90°, i.e., an orthogonal demodulation 

55 output is yielded from the output terminals OF1 1 and 

In this embodiment; the common- base transistors 
407 and 408 reduce an influence on the parasitic 
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capacitance of the common-emitter transistor.; 409 
whose emitter area is enlarged to decrease a parasitic 
resistance, and distribute the putputcurrent (collector 
current) of the common-emitter transistor 409; to the 4 
two differential. amplifiers. . 

An orthogonal demodulator is required to reduce 
a phase difference and a conversion gain difference. m 
In a conventional orthogonal demodulator, a modu- 
lated signal to be demodulated; is .divided, in to two sig- 
nals, which are in turn sent to two. independent 
multiplying circuits where local oscillation signalswith 
their phases shifted by 90° each other is supplied.Jn 
an orthogonal demodulator employing the multiplying' 
circuit in Fig. 16, a modulated^ signal is input to the, 
base of a common-emitter transistor, scared. b»y. two 
multiplying circuits, which perform distribution on ,the 
signal and multiplication (orthogonal demodulation) 
on the distributed, signals to a J peal oscillator signal,, . 
The orthogonal demodulator using the multiplying cir- 
cuit in Fig. 16 therefore have fewer components 
through which a modulated signal passes than those, 
of. the conventional, one. This can . decrease factors 
causing a. difference and reduce a phase difference 
and a conversion gain difference. s^i^ocrnet: 

In the embodiment in Fig, 16, the multiplying ^cir- 
cuit shown, in Fig. 13 has been; used , as tw.o basic unit 
multiplying circuits, but any. of the, multiplying circuit 
shown in Figs. 14 to 17 may be.used instead. Further,, 
three or mpre unit multiplying circuits can r be c com- 
bined, sharing a common-emitter transistor. K r . v 

.The. present invention can . therefore provide, a 
multiplying circuit., which has less decrease in the 
CMRR.at a high frequency and. in signal leek from 
input terminals where two signals to be multiplied are 
input, and a broad linearity range -with slight ;defor T 
mation. t - --^ ^ - , 3; :L;r..-\ 

^Accordingly, using the multiplying.- circuit in a 
transmitter, for example, r it is possible to acquire a 
transmission output having - a low earner leak and 
small deformation: The multiplying circuit when used, 
in a receiver can make noise low, widen a dynamic 
range, and reduce the. amount of undesired radiation 
due to the leakage pf a local oscillator sign at. tp an. 
antenna system. < ^ : - u^i^:* 



Claims 



A multiplying. circuit characterized by comprising; 

first and secondd ifferential.am pi ifiers (1 ,2; 
3,4) for receiving a first input signal,and eax?h hav- 
ing an output terminal pair and a common emitter 
: terminal; - ^ : * ■ 

output means (QP.1, OP2), connected .to 
said output terminal pairs of said first and second 
differential amplifiers connected in such a way as 
to cancel out outputs thereof each other, for pro- 
viding a difference between said outputs of said 
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first and second differential amplifiers as an out- 
put signal; : 

first and second common-base transistors, 
. (13, 14) having bases tied to a constant potential 
: • and collectors connected to said common emitter 
terminals of said first and second differential 
: amplifiers; and 

multiple third differential amplifiers (5-7) 
for t receiving a second input signal and each hav- 
ing an output terminal, pair connected commonly s 
to said emitters of said first and second common- 
base transistors and having predetermined DC 
offsets. 

2. A multiplying circuit according. to claim 1 , charac- 
. terized in that each of said third differential 
: amplifiers • comprises a, pair, of fransistors .(5,7;. 
* 6,8) designed. to have a predetermined emitter. 
-. area ratio to acquire a predetermined DC offset 

3. A multiplying circuit according to claim 1 .charac-. 
; terized in that said first and second common-base 

transistors (1,2; 3,4) each have an emitter area 
, i srnajler than a -maximum emitter area of transjs- 
^ tors^ used,.- in ; each of v , said third differential 
amplifiers. . . Dn r ?>y, ^ , , n . :f . • .-..^ 

4. A multiplying circuit according to claim 1 , charac-. 
■ terized in , that said th ird . d iff ereritial ampl ifiers are 
.^constituted by two^pairs of ; transistors (5,7; 6,8), 

one having an emitter area ratio of 4 : 1 , and the 
other 1--:. 4. . * . ■■ * 

5. A multiplying circuit according to claim .1 charac- 
terized in that said th ird differential- ampl ifiers are 

, constituted by^three pairs, of transistor? (49,52; 
50,53; 51,54), a first one having an emitter, area 
ratio of 8,; 1, aisecond one 1 : -1, and a third one 
1 : B-- - • ./.V * * --• ./ • 

6... A multiplying. circuit according tp claim 1 , charac- 
. terized in that said third differential .ampl ifiers are. 

. i constituted by four pairs of transistors. (21 ,25; 
22,26; 23,27; f 24,28), a first one haying an emitter 
area ratio of 1 3 : 1 , a second one 2 : 1 , a third one. 
1 i 2, and a forth one jl ; 12t ; V; Vt t ; r . • 

1, A multiplying circuit characterised by comprising:- 
multiple firstdiffejentiai ampljfjers ; (4t-43) 
. :and multiple seconded ifferentiaj am pi ifiers (45-48) 
. tf . for receiving a first input signal, each of said,first 
and secon d d ifferential am pi iters having a n out- 
: putterminaLpajr, : a common emJter^terminal and 
a«predetermined DC offset;. r ... 

output, mean s .(6 P \ , „QP?) » conn ected to 
said output terminal pairs pf.said first and second, 
-differential amplifiers connected jn such a way as 
to, can eel out outputs of said r fjrst.and second dif- 
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ferential amplifiers each other, for providing a dif- 
ference between said outputs of said first and 
second differential amplifiers as an output signal; 

multiple first common-base transistors 
(58, 59) having bases tied to a constant potential, 
collectors connected to said common emitter ter- 
minals of said multiple first differential amplifiers 
and emitters commonly connected; 

multiple second common -base transistors 
(60, 61) having bases tied to a constant potential, 
collectors connected to said common emitter ter- 
minals -of said multiple second differential 
amplifiers and emitters commonly connected; 

multiple third differential amplifiers (49-54) 
( for receiving a -second input signal arid each hav- 
ing a pair of output terminals connected- to said 
common emitter terminals of said first and second 
common-base transistors so as to have predeter- 
mined DC offsets. ~ 

8. A multiplying circuit according to claim 7, charac- 
terized in that each of said third differential 
amplifiers comprises a pair of transistors (49,52; 
50,53; 51,54) designed to-havean emitter area 
ratio in order to acquire a predetermined DC off- 

: set, and each of said first and second common- 
' " base transistors has a smaller emitter area than 
a maximum emitter area of said pair of transistors 
constituting 1 each of said third differential 
amplifiers. 

9. A multiplying circuit characterized by comprising: 

multiple first differential amplifiers (41-44) 
and multiple second differential amplifiers (45-48) 
for receiving a first input signal and each having 
an output terminal pair, a common emitter termi- 
nal and a predetermined DC offset; ' 

output means (OP1, OP2), connected to 
said output terminal pairs of said first and second 
differential amplifiers connected in 'such a way as 
to cancei out outputs of said first and second dif- 
ferential amplifiers each "other, for providing a dif- 
ference Between said outputs of said first and 
second differential amplifiers as an output signal; 
L multiple first 1 common-base transistors 

: ' (58, 5Sjliaving/bases tied to a constant potential, 
collectors connected to said common emitter ter- 
minals'^ said multrple first differential amplifiers 
and emitters commonly connected having a pre- 
determined emitter area ratio- 
multiple second common-base transistors 
(60, 61) having bases tied to a constant potential 
different from the constant potential applied to 
said first common-base transistors, collectors 
connected to said common emitter terminals of 
said multiple second differential amplifiers and 
emitters commonly connected and having said 
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predetermined emitter area ratio; and 

multiple third differential amplifiers (49-54) 
for receiving a second input signal and each hav- 
ing a pair of output terminals connected to said 
5 common emitter terminals of said first and second 

common-base transistors and' having predeter- 
* mined DC offsets. 

10. A multiplying circuit according to claim 9, charac- 
ter terized in that each of said first, second and third 

differential amplifiers comprises at least one pair 
of transistors designed to have a predetermined 
emitter area ratio to acquire a predetermined DC 
offset 

15 

11. A multiplying circuit characterized by comprising: 

multiple first differential amplifiers (71-76) 
and multiple second differential amplifiers (77-82) 
for receiving a first input signal, each of said first 
20 - and second differential amplifiers having an out- 
put terminal pair, a common emitter terminal and 
a predetermined DC offset; - -w. ■ 
^ *■'-■' output means 7 (OP1, OP2),-connected to 
; ^sald output terminal ^airs of said first and second 
£5 ^ ' . d ifferehtial amplifiers connected in such a way as 
to cancel out outputs of said first and second emit- 
ter coupled transistor pairs each other, for provi- 
: ' ding a 6 difference between said outputs of said 
. first and second differential amplifiers as an out- 
30 -put signal; - : •>.-;.*- 

■>r -'"multiple' first common-base transistors 
i (105^107) having bases tied to a constant : poten- 
1 1K tfaT,- collectors connected tc said common emitter 
"^"terminals of said multiple first differential ampli- 
35 flers; 

multiple second common-base transistors 
'y (108-1 10) having bases tied to a constant poten- 
tial /collectors connected to said common emitter 
■ : terminals of said multiple second differential anv 
40 ^ plifiers; - 1 *~ '" e ' :■ 

multiple -third common-base transistors 
■ ' (91-93) having bases tied to a constant potential 
* " 'different from the constant potential applied to 
said first common-base transistors; collectors 
45 ' connected to said emitters of said multiple first 
common-base transistors and emitters commonly 
" connected so as to have a predetermined emitter 
: " : area ratio; 

- **• multiple fourth ccmmon-base transistors 
so * ' " (94-96) having bases'-tied to a constant potential 
~ r 'different from the constant potential 1 applied to 
said second common-base transistors, collectors 
connected to said emitters of said multiple sec- 
ond common-base transistors and emitters corrv 
55 monly connected so as to have the 

' ,f predetermined'ernitter area ratio; and 

multiple third differential amplifiers (101- 
1 04) for receiving a second input signal and each 

10 
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having a pair of output terminals connected to 
said common emitter* terminals of .said first and 
second 'Common- base transistors .and having 
- predetermined DC offsets. .. s i 

12. A . multiplying circuit according <to , claim 11, 
characterized in that each of said first, second 
and third differential amplifiers (71-76; 77-82; 
101-104) comprises a pair of.transistors designed 
to have a predetermined emitter area ratio to 
acquire a predetermined DC offset. .- * ■* - 
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13. a -multiplying circuit . according to, claim 11 f - whe- 
rein said first and second common -base .transis- 
tors (105-107; 108-110) each have an emitter is 
area smaller than a maximum emitter area of said . 
third and fourth commor^basetransjstors (91-93; 

. 94-96). . r -, \ t „. r . £ 

14. A multiplying circuitcharacterized by comprising: 20 
- ...-a differential • amplifier (201?>- : 202) for 
receiving a first input signal and haying an- output 

* terminal pair* and a common .emitter terminal; 
v: * a Joad circuit (204, r205). : c»nnected-.to at 
least one output terminal of said output, terminal 25 
. pair of said differential amplifier; . . .■-> 

a common-emitter transistor (207) having 
a base supplied with a second input signal;- and 
a common- base transistor (206) having a 
base tied to a constant potential, a coJJectorcon- 30 
nected to said common .emitter terminal of said 

- ...differential amplifier, and arv emitter connected to 
. - a cojlector-jof said common-emitter transistor and 

- having a smaller emitter area than said common- 
emitter transistor. * ; „ * ,35 

1 5. * A multiplying circuit characterized by;Comprising: 

multiple differential amplifiers.;.{301 : 306) 

- for receiving a firstinput signal and each; having 

an output terminal pair, a common emitter; terrni- 40 
, i nal and a predetermined DC offset;^ 
■ ; \ v . a load circuit (307) connected- to at least 
: one output terminal; of each* of said output tprmi- 
, * nal pairs of said differential amplifiers; ^ : v 

a common-emitter transistor (31 1)^ having 45 
, a base supplied with a second -input.signal;.and 
multiple, ,commpn-base transistors, (SOS- 
SI 0) having bases tied to a constant potential, 
^collectors connected to said common emitter ter- 
minals of said rrwltiple:differential_amplrfiers, and so 
emitters connected to a i -collector of said common- 
. emitter transistor and having a predetermined 
emitter area ratio. - 



- nal and a predetermined DC offset; 

a. load circuit (307) connected to at least 

- one. output terminal of each of said output termi- 
. nal pairs of said differential amplifiers; 

a common-emitter transistor (311) having 
• a base supplied with a second input signal; and 
multiple first common-base^ transistors 
(308-310) having bases tied to a, constant poten- 
tial and emitters eon nected to a collector of said 
common-emitter transistor and having a pre- 
. deterrnined:emitter area ratio; and 

■ % ; multiple second common-base transistors 
(31 2-31 4) : having bases tied to.a constant poten- 
tial, collectors respectively connected to said 
common em itterj terminals of said multiple diffe- 
rential amplifiers,, and em itters, respectively, con- 
nected : to ( col lectors , of said . multiple first 
commonrernitter: transistors and . haying -emitter 
: . .areas equal to or smaller than a, minimum emitter 
area of one of said multiple first, common-base 
transistors. 

IT- A multiplying circuit, apparatus characterized by 
...t, comprising:^ - v, r -r, ; , v . 

-i*j;i.*n a pluraHty-pJ.jnultiplying circuits; and 
o "■<.' jsra ^cpjfpmqr^em commonly 
-connected to said plurality ofmu I ti plying circuits, 
r.r s , ? . each of said pluraiity 5 of multi plying; drcu its 
comprising, ^ , .. r 

: , v first and second differential amplifiers (1,2; 
3,4) for receiving a first input signal and each hav- 
ing an output terminal pair and a common emitter 

n -sa ..\°Mtput means (OP1,, QP2), connected to 
. said output terminal pairs of said .first and second 
• r differential amplifiers connected in such a way as 
r . Xp cancel out outputs thereof eaqh other, for pro- 
viding a difference between said outputs of said 
■first and second differential, amplifiers as an out- 
.-: put signal; , 

- . .. first and second commonrbase transistors 
(13,.14),haying bases tied, to a constant potential 
> and collectors connected to said common emitter 
* terminals -pf .said first and second differential 
. amplifiers; and .- ~- u . t - - . : i - . . 

: multiple^ third differential amplifiers (5,6; 
6,7) forj^ceiving a second input : signsjkand each 
, . having, an output terminal ^Rajr- connected xom- 
monly to said ^emitters.pf said j.first- and .second 
: common-basejfransistpjrs .and having., predeter- 
mined DC offsets. t v-fiir-.a .. lV i •; , . 



16. A multiplying circuit comprising: 

multiple differential amplifiers. (301-306) 
for receiving a first input signal and each having 
an output terminal pair, a common emitter termi- 
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